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© Arrangement for reproducing a digital signal from a record carrier, comprising a variable equalizer. 



© The variable equalizer is adapted to equalize the 
transmission characteristic of the transmission path 
including the recording channel up to the input of the 
variable equalizer in response to the first and the 
second control signal, the first control signal having 
a relation with the high frequency losses in the 
magnitude transmission characteristic of the trans- 
mission path and the second control signal having a 
relation with the difference in delay caused by said 
transmission path between low frequency signals 
and high frequency signals in the operating fre- 
quency range of the transmission path. The variable 
equalizer means comprises digital FIR filter means 



(32), and multiplication factor generator means for 
generating the multiplication factors a(n) in response 
to the first and second control signal (HF.PHI) in 
accordance with the following formula: 
a(n) ■ A1(n) + A2(n)*HF + A3(n)*PHI + A4(n)- 
"HPPHI, for PHI having a value lying in a first value 
range, or 

a(n) = Bl(n) + B2(n) # HF + B3fri)*PHI + B4(n)- 
UPPHI, for PHI having a value lying in a second 
value range not overlapping the first value range, 
(where Al(n),A2(n),A3(n),A<4) and) Bl(n), B2(n), B3- 
(n) and B4(n) being constants for each multiplication 
factor a(n). 
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The invention relates to an arrangement for 
reproducing a digital signal from a record carrier, 
comprising variable equalizer means, the variable 
equalizer means comprising digital finite impulse 
response filter means. Such an arrangement is 
known from European patent application no. 
387,813 A2. 

In the known arrangement equalization is re- 
alized by varying the filter parameters in response 
to a control signal supplied to a control signal input 
of the variable equalizer means, such that the mag- 
nitude of the filter response is increased or de- 
creased. 

The generation of the control signal is realized 
in control signal generator means. In the known 
arrangement the signal from the equalizer filter 
means is applied in digital form to a data process- 
ing circuit which includes a detection circuit. The 
detection circuit is adapted to detect the bit error 
rate in the digital signal read out. A control signal is 
generated in response to the error rate, which 
control signal is applied to the control signal input 
of the equalizer filter means, so as to vary the filter 
parameters such that the bit error rate is mini- 
mized. 

European patent application no. 91203350.3 
(PHN 13.927) describes an equalization of mag- 
nitude and phase, on the basis of a first and a 
second control signal respectively. Further, Euro- 
pean patent application no. (GK 73205) filed at the 
same date as the present application describes 
some ways in which the first and the second con- 
trol signals can be derived. 

The invention has for its object to provide for 
variable equalizer means that realize an equaliza- 
tion of magnitude and phase on the basis of the 
first and second control signal. 

The arrangement in accordance with the inven- 
tion for reproducing a digital signal from a track on 
a record carrier, the arrangement comprising 

- read means including a read head, for read- 
ing a signal from the track, 

- variable equalizer means, having an input 
coupled to an output of the read means, first 
and second control signal inputs for receiving 
a first and a second control signal respec- 
tively and an output for supplying an equal- 
ized output signal in response to the first and 
the second control signal, the variable equal- 
izer means being adapted to equalize the 
transmission characteristic of the transmis- 
sion path including the recording channel up 
to the input of the variable equalizer means in 
response to the first and the second control 
signal, the first control signal having a relation 
with the high frequency losses in the mag- 
nitude transmission characteristic of the 
transmission path and the second control sig- 



nal having a relation with the difference in 
delay caused by the transmission in said 
transmission path between the low frequency 
signals and high frequency signals in the 
5 operating frequency range of the transmis- 

sion path, the variable equalizer means com- 
prising digital filter means, 

- equalizer control signal generator means hav- 
ing a first and a second output for supplying 

10 the first and second control signal respec- 

tively, which first and second outputs are 
coupled to the first and second control signal 
input respectively of the equalizer means. 

- an output terminal coupled to the output of 
16 the variable equalizer means for supplying 

the digital signal, 
is characterized in that the variable equalizer 
means comprise finite impulse response filter 
means, the FIR filter means comprising 
20 - delay line means having a number of N taps, 

- multiplier means for multiplying a signal 
present at the n-th tap of the delay line 
means by a multiplication factor a(n) and for 
supplying the multiplied signal to 

25 - signal combining means, an output of the 
signal combining means being coupled to the 
output of the variable equalizer means, 
the variable equalizer means further comprising 
multiplication factor generator means for generating 

30 the multiplication factors a(n) in response to the 
first and second control signal. 

In a first embodiment, the arrangement of claim 
1 may be further characterized in that the mul- 
tiplication factor generator means comprising mul- 

35 tiplication factor calculating means, the said mul- 
tiplication factor calculating means being adapted 
to calculate at least a number of the N multiplica- 
tion factors a(n) in accordance with the following 
formula: 

40 a(n) = A1(n) + A2(n)*HF + A3(n)*PHI + A4(n)- 
"HPPHI, for PHI having a value lying in a first value 
range, 

where HF is the value of the first control signal, PHI 
is the value of the second control signal, A1(n), A2- 
45 (n), A3(n) and A4(n) being constants for each mul- 
tiplication factor a(n), memory means being avail- 
able for storing at least a number of said constants, 
and 

where n lies in a range from 0 to N-1 inclusive. 

so In this situation, the variable equalizer filter means 
comprise a single FIR filter means, and the mul- 
tiplication factors (or coefficients) for the FIR filter 
means are computed using the formula given. 
There are situations where, in the value range of 

55 occurrence for the second control signal, the filter 
coefficients can be calculated using one set of 
constants. If the value range of occurrence for the 
second control signal is larger, it may become 
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necessary to use a second, or even a third, set of 
constants in the formula given, for calculating the 
filter coefficients. 

in a second embodiment, the arrangement of 
claim 1 may be further characterized in that the 
multiplication factor calculating means being further 
adapted to calculate the multiplication factors a(n) 
in accordance with the following formula: 
a(n) = C1(n) + C2(n)*HF + C3(n)*PHl + C4(n>- 
TIPPHI, for PHI having a value lying in a third 
value range not overlapping the first and the sec- 
ond value range, where C1 (n). C2{n), C3(n) and C4- 
(n) are constants for each multiplication factor a(n). 
the memory means being further adapted to store 
at least a number of said constants 01 (n) to C4(n). 
(n this situation, the variable equalizer filter means 
comprise a first and a second FIR filter means. The 
first FIR filter means is controlled by the first con- 
trol signal only, and the second FIR filter means is 
controlled by the second control signal only. The 
coefficients for the FIR filter means are computed 
using the formulae given. In the same way as 
explained above, there are situations where, in the 
value range of occurrence for the second control 
signal, the filter coefficients for the second FIR filter 
means can be calculated using one set of con- 
stants. Again, if the value range of occurrence for 
the second control signal becomes larger.it may 
become necessary to use a second, or even a third 
set of constants to calculate the coefficients for the 
second FIR filter means. 

These and other aspects of the Invention will 
be apparent from and elucidated with reference to 
the embodiments described hereafter, in which 
figure 1 shows the magnetic record- 
ing/reproduction channel, 
figure 2 shows in figure 2a the magnitude and 
figure 2b the phase as a function of frequency 
of the recording channel, 

figure 3 shows in figure 3a an ideal impulse 
response signal and in figure 3b the actual im- 
pulse response signal, 

figure 4 in figure 4a the magnitude and in figure 
4b the phase of the variable equalizer means as 
a function of frequency, 

figure 5 in figure 5a and 5b signals read out in 
response to a positive or negative going transi- 
tion in the magnetization respectively, 
figure 6 a first embodiment of the variable 
equalizer means in accordance with the inven- 
tion, 

figure 7 two examples of a noise shaping filter 
used in a magnetic reproduction channel, 
figure 8 an example of the filter characteristic, 
as regards magnitude (figure 8a) and phase 
(figure 8b) realized by the variable equalizer 
means, 



figure 9 the impulse response of the filter char- 
acteristic of figure 8, 

figure 10 the behaviour of a number of mul- 
tiplication coefficients as a function of HF and 
S PHI, 

figure 11a table with the constants necessary 
for calculating the multiplication factors, 
figure 12 a second embodiment of the variable 
equalizer means in accordance with the invert- 
10 tion, and 

figure 13 a table with the constants necessary 
for calculating the multiplication factors for the 
second embodiment. 
Figure 1 shows the recording/reproduction 
75 channel, where an input signal is applied to an 
input terminal 1, and is recorded, after p re-am- 
plification in a recording amplifier 2 on a magnetic 
record carrier 3 by means of a recording head 4. 
Reproduction is carried out by means of a re- 
20 producing head 5, so that the signal reproduced 
can be amplified in an amplifier 6, after which the 
signal is applied to an input of variable equalizer 
means 10. The reproducing arrangement further 
comprises equalizer control signal generator means 
25 11. The equalizer control signal generator means 
have an input coupled to the output of the variable 
equalizer means 10 and have a first and a second 
output 12 and 13 respectively, for supplying a first 
control signal HF to a first control signal input 15 of 
30 the variable equalizer means 10, and a second 
control signal PHI to a second control signal input 
16 the equalizer means 10. 

It should be noted that the input of the control 
signal generator means 1 1 need not necessarily be 
35 coupled to the output of the variable equalizer, but 
can, if needed, be coupled to a point earlier in the 
reproduction channel. 

The variable equalizer means 10 is adapted to 
equalize the transmission characteristic of the 
40 transmission path including the recording channel 
up to the input of the variable equalizer means 10 
in response to the first and the second control 
signal. The first control signal has a relation with 
the high frequency losses in the magnitude trans- 
45 mission characteristic of the transmission path. The 
first control signal is thus related to the declination 
angle a of the magnitude curve of figure 2a. The 
second control signal has a relation with the dif- 
ference in delay caused by the transmission in said 
so transmission path between the low frequency sig- 
nals and high frequency signals in the operating 
frequency range of the transmission path. 
This can be explained as follows. 
The transmission characteristic of the record- 
65 ing/reproduction channel can be measured by ap- 
plying an impulse like signal to the input terminal 1 
and measuring the signal obtained at the input of 
the variable equalizer means 10, after having re- 
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corded the signal on the record carrier 3, and after 
having reproduced the signal. 

Figure 2 shows Hie magnitude of the transmis- 
sion characteristic of the transmission path includ- 
ing the recording channel up to the input of the 
variable equalizer means 10, expressed in dB as a 
function of the frequency which is plotted on a 
linear scale. The magnitude is a more or less 
straight line which descends for increasing fre- 
quencies. The declination angle of the line is in- 
dicated by a. 

Figure 2b shows the phase difference as a 
function of frequency between the actual response 
signal present at the input of the variable equalizer 
means 10 and the required response signal at the 
said input which response signal is the signal in 
response to the above identified impulse like signal 
applied to the input 1 . Trie curve shows a constant 
phase difference <t> =-«*>o as a function of frequency. 
More generally, the phase difference equals =- 
4o - «T G , where T„ is a delay which is constant for 
all frequencies. 

The delay for a low frequency signal having a 
frequency «o is defined as - */«o. This delay thus 
equals 4>o/<*o + T Q . The delay for a high frequency 
signal having a frequency an equals $ 0 /o>i + Tg. 
The difference in delay thus equals <fro/«o -*o/«i. 
The common delay of T 0 has disappeared and thus 
play no relevant role in the calculation. In the case 
where »i = m x «o, where m is larger than zero, 
the difference in delay equals 4o{(m - 1)/m}/W 
The difference in delay thus bears a relationship 
with the phase difference -4o given in figure 2b. 
The meaning of this difference in delay is, that low- 
<er) frequencies are more delayed than high(er) 
frequencies. As a result, if the symmetric response 
given in figure 3a is to be expected, the asymmet- 
ric response of figure 3b will be the actual re- 
sponse. The ideal response of figure 3a shows a 
response having zero value at the sampling in- 
stants t = r and t=-r. The actual response shows at 
the instant t = ra non-zero value of h + 5 and at the 
instant t =-r a non-zero value of h-j. The symmet- 
ric component h in both non-zero values stems 
from the non-flat magnitude characteristic of figure 
2a, and the non-symmetric component of 5 and -a 
in the values results from the phase difference -$ 0 
in figure 2b. 

In response to the first control signal HF and 
the second control signal PHI, applied to the vari- 
able equalizer means 10, the equalizer means 10 
realize a frequency response characteristic as re- 
gards magnitude and phase, such that it equalizes 
the transmission path. This means effectively, that 
the filler means realize a magnitude characteristic 
as a function of frequency as given in figure 4a. 
This characteristic is in the form of a substantially 
straight line which ascends for increasing frequen- 



cies. The inclination angle of the line is a. Further, 
the phase characteristic as a function of frequency 
of the variable equalizer means is as given in figure 
4b. It realizes a phase characteristic of 4o. 
5 As a result of the equalization, the magnitude 

characteristic will become a substantially horizontal 
fine, and the phase will become zero for all fre- 
quencies, so that no difference in delay between 
the low(er) and the high(er) frequencies is present. 

10 n should be noted that the arrangement can 

include a fixed equalizer (not shown) coupled in the 
reproduction channel between the reproduction 
head 5 and the input of the variable equalizer 10. 
Such fixed equalizer can compensate for the aver- 

16 age HF loss, given by the angle o in figure 2a, so 
that the variable equalizer need to compensate for 
the deviations from that angle or only, which makes 
the variable equalizer simpler, and makes the 
equalization by the variable equalizer simpler. 

20 European application no. (GK 

73205) filed on the same date as the present 
application show various embodiments of the con- 
trol signal generator means 11 to obtain the first 
and the second control signal. 

25 The derivation of the first and the second control 
signal in this application is based on the detection 
of step transitions in the magnetization on tape. 
When carrying out a full response detection during 
reproduction, a positive or negative going step tran- 

30 sition results in a more or less ideal step response 
in the signal read from tape, such as given in figure 
5a and 5b respectively. The deviation of the step 
response from the ideal response is an indication 
of the non-ideal character of the recording channel, 

as as regards magnitude and phase. 

In correspondence with the teachings of the 
European application no. (gk73205), 
the first control signal HF can be derived from the 
samples in the signals of figure 5a or 5b in the 

ao following way. 

In the case of a positive going transition, as per 
figure 5a, a value hf(t) that equal (s* - sa) + (S2 - 
3i ) is calculated. In the case of the negative going 
transition of figure 5b, the value hf(t) is calculated 

46 using the following formula: 

-K*'-* 1 ) + (Sa'-sO] . 

si to s+ and sr to a*' are the sample values of 
so the samples in the signals of figure 5a and 5b that 
ly directly around the positive and negative going 
transition respectively. The samples have a spac- 
ing T in time which equals the bit time in the signal 
read from the tape. The samples can be obtained 
55 in a synchronous detection of the signal read out, 
but an asynchronous detection is equally well pos- 
sible. 
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The first control signal HF is now obtained 
when integrating the hf(t) values for subsequently 
detected signal transitions. 

In correspondence with the teachings of the 
European application no. (jgk73205), 
the second control signal PHI can be derived from 
the samples in the signals of figure 5a or 5b in the 
following way. 

In the case of a positive going transition, as per 
figure 5a, a value phi(t) is calculated using the 
formula: 

(St - S3) - (S2 - Si). In the case of the negative 
going transition of figure 5b, the value phi(t) is 
calculated using the following formula: 

-KsT-saVte'-si')]. 

The second control signal PHI is now obtained 
by integrating the phi(t) values for subsequently 
detected signal transitions. Consequently PHI di- 
rectly relates to the phase to as per figure 2b. 

The accuracy of the calculation of the second 
control signal as explained above, is not always 
sufficient Further, low frequency components in 
the signal read out can deteriorate the generation 
of the second control signal. It is therefore some- 
times advisable to derive the second control signal 
in a different way. In that situation, it suffices to 
calculate phi(t) using the formula: -<sa + s 2 ) for the 
positive going transition, and sa' + si' for the 
negative going transition. Again another way of 
deriving phi(t) is to sum all sample values si to s* 
or sT to 84.'. 

Figure 6 shows a first embodiment of the vari- 
able equalizer means 10. The input 30 of the 
equalizer means is coupled to an input 31 of finite 
impulse response filter means 32. The FIR filter 
means 32 comprise a delay line 33 having N taps 
34.0 to 34.N-1, multiplier means 36 having N mul- 
tipliers 3ao to 38.N-1 and signal combinating 
means 40 in the form of an adder 41. An output of 
the adder is coupled to the output 42 of the equal- 
izer means 1 0. The N taps are located equidistan- 
tty in time along the delay line 33. The delay time 
between the input 31 of the delay line 33 and the 
first tap 34.1 can be zero. 

The N taps 34.0 to 34.N-1 are each coupled to 
a first input of a corresponding one of the multipli- 
ers 38.0 to 38.N-1 . Each one multiplier 38.n of the 
N multipliers 38.0 to 38.N-1 receives a multiplica- 
tion factor a(n) at a second input Multiplication 
factor generator means 45 comprising multiplica- 
tion factor calculating means 46 are present to 
calculate the multiplication factors a(n). The mul- 
tiplication factor calculating means 46 calculate the 
multiplication factors a(n) in accordance with the 
following formulae: 

a(n) = A1(n) + A2(n) w HF + A3(n)*PHI + A4(n)- 



HFPHI, for PHI having a value lying in a first value 
range, 

a(n) o B1(n) + B2(n)*HF + B3(n)*PHI + B4(n)- 
•HF*PHI, for PHI having a value lying in a second 
5 value range not overlapping the first value range, 
and 

a(n) = C1(n) + C2(n)*HF + C3(n)*PHI + C4{n)- 
"HPPHI, for PHI having a value lying in a third 
value range not overlapping the first and the see- 
to ond value range, n runs from 0 to N-1 inclusive. 

The parameters HF and PHI are applied to the 
calculating means 46 via the control signal inputs 

15 and 16 respectively. 

A1(n), A2(n), A3(n), A4(n), B1(n), B2(n), B3(n), 
16 B4(n), C1(n), C2(n), C3<n) and C4<n) are constants 
for each multiplication factor a(n). Those constants 
are stored in a memory 48. The control signal input 

16 is also coupled to the memory 48 so as to 
indicate which one of the three sets of constants 

20 should be used for the calculation of the multiplica- 
tion factors a(n). The set of constants selected is 
applied to the calculating means 46 via the cou- 
pling 50. It should be noted that not all the con- 
stants need to be stored, because of the feet that 

25 sometimes multiplication factors can be derived 
from constants stored for other multiplication fac- 
tors. This will be further explained at a later stage. 

In order to realize, by means of the FIR filter 
32, a filter characteristic as regards magnitude and 

30 phase that can equalize the transmission path in- 
cluding the recording channel up to the input of the 
variable equalizer means 10, the FIR filter 32 must 
be able to realize filters having magnitude char- 
acteristics as given in figure 4a, where a is the 

35 varying parameter, and phase characteristics as 
given in figure 4b, where 4>a is the varying param- 
eter. Further, in order to realize a limitation in 
bandwidth, the filter 32 must realize a series ar- 
rangement of the filter given in figure 4 and a noise 

40 shaping filter, such as the filter shown in figure 7. 
Figure 7 only shows two possible curves for the 
magnitude of the noise shaping filter as a function 
of frequency. The phase as a function of frequency 
can be considered to be zero. 

45 Various possibilities of noise shaping filters are 

known in the literature. Noise shaping filters have 
for their object to shape the signal read out and 
equalized, such that the signal-to-noise ratio is high 
and the intersymbol interference in the signal is 

so low. Figure 7 shows two examples of raised-cosine 
filters that can be used as noise-shaping filters. 
The magnitude curve I in figure 7 results in a 
relatively high signal-to-noise ratio, whereas the 
intersymbol interference is relatively high. This 

55 curve is e.g. the curve for a raised cosine filter of 
the type 0=2. The magnitude curve 11 in figure 7 
results in a relatively low signal-to-noise ratio, 
whereas the intersymbol interference is relatively 
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low. This curve is e.g. the curve for a raised cosine 
filter of the type 0=3. f„ equals the Nyquist fre- 
quency, which equals hatf the bit frequency. The 
choice for the shaping filter is thus always a com- 
promise between a high signal-to-noise ratio and a 
low sensitivity for intersymbol interference. Further, 
the choice of the shaping filter is determined by 
the possibility of obtaining a practical implementa- 
tion off the equalization fitter in a FIR filter having a 
limited number of taps. A discussion on shaping 
filters can amongst others be found in the book 
'Magnetic recording, Vol II Computer data storage*, 
editors C. Denis Mee and Eric D. Daniel, Mac G raw- 
Hill Book Comp., 1988, chapter 4.6.3.2. on the 
pages 215 to 224. 

As a result, the FIR filter 32 must realize a filter 
characteristic as given in figure 8. By carrying out 
an inverse fourier transform on the filter character- 
istic of figure 8, the impulse response of the filter 
32 can be obtained. Figure 9 shows an example of 
such an impulse response. The multiplication fac- 
tors can be obtained by sampling the impulse 
response of figure 9 with the sampling frequency of 
the signals in the arrangement. The coefficient val- 
ues namely exactly equal the values of the sam- 
ples in the impulse response, if the sampling fre- 
quency equals the bit frequency, this means that 
the samples in the impulse response ly a time 
interval T apart T being the bit time. Figure 9 
shows the situation where the FIR filter has an odd 
number of taps. All samples of the impulse re- 
sponse, except one. ly symmetrically around the 
centre at t = to of the impulse response. The said 
one sample lies exactly on to. In the situation where 
the FIR filter has an even number of taps, all 
samples of the impulse response ly symmetrically 
around t^. 

Figure 10 shows the multiplication factors a(0) 
to a(5) for the first six taps of a FIR filter having 
eleven taps as a function of HF and PHI. The 
remaining multiplication factors a(6) to a(10) can be 
obtained as follows. 

Suppose that the parameter PHI is so related 
to 4>q that, when 4>q is zero, that also PHI is zero. In 
that situation the following equations hold for the 
multiplication factors a(6,HF,PHI) to a<10,HF,PHI); 
a(6,HF,PHI) o a(4,HF,-PHI), a(7,HF,PHI) = a(3,HF,- 
PHI), a(B ( HF ( PHI) = a(2 f HF,-PHI), a(9,HF,PHI) = a- 
(1.HF.-PHI) and a(10,HF,PHI) = a(0,HF,-PHI). Des- 
ignating a coefficient a(n) by a(n,HF,PHI) means 
that each coefficient a(n) is a function of HF and 
PHI. 

However, if the parameter PHI Is so related to 
4q that PHI equals a non-zero value PHI 0 when 4>o 
is zero, then the following equations hold for the 
multiplication factors a(6,HF,PHI) to a(10,HF,PHI): 
a(6,HF,PHl) = a(4.HF.2THI a -PHI), a(7,HF,PHI) = 
a(3,HF.2THI 0 -PHI), a(B.HF.PHI) = a(2,HF.5TPHI 0 - 



PHI), a(9.HF,PHI) - afl.HF^HIo-PHl) and a- 
(10.HF.PHI) = a(0,HF^PHI o -PH0. So. generally 
said, the following equation holds: 

s a(n.HF,PHI) = a(N-1-n,HF,2THI a -PHI) 

where PHI« is the value for PHI when *o equals 
zero. 

As can be seen in figure 10, the parameter PHI 
10 runs from -90° to +90°. PHI has in fact been 
calculated such that it corresponds to the phase 4o 
of figure 4b). 

Further, the parameter HF runs from 0.3 to 0.8. 
HF has in fact been calculated such that it cor- 
16 responds to a in the following way: 

tana = 20.».10- 6 .HF/v.ln<10). 

where v is the relative velocity between the head 
2D and the record carrier. 

It should be noted that the following relation 
exists for the curve given in figure 2a as a function 
of frequency: 

25 H = exp{-*.p5o.f/v}, 

where pso is the pulse width of a pulse at 50 % of 
the pulse amplitude. HF will now be defined as pso 
in um, or HF = 10* .pso. 
30 Further. 

tan a = 20 tog H/F, 

as the transfer function H is expressed in dB in 

3s figure 2a. 

More specific information about the parameter 
pso can be found in the book 'Magnetic recording, 
Vol. I (Technology)', editors C. Denis Mee and Eric 
D. Daniel, Mac-Graw-Hill Book Comp., 1987, chap- 

40 ter 2, more specifically chapter 2.1.2. and the 
pages 27. 37, 38 and 39. 

Therefore, the above expressions for H and HF 
inserted in the formula for tan a, this results in the 
above relationship between tan a and HF. 

45 H should be noted that the multiplication factors 

are normalized by dividing the coefficients by the 
largest one. As can be seen in figure 10a and 10b, 
which show the coefficients a(6) and a(5) respec- 
tively, the coefficient a(6) is the largest, for PHI 

so lying in a value range between approximately 45° 
and -45°. Further, a<5) is the largest in the value 
range for PHI lying between approximately 45° and 
90°. In the value range for PHI between -46° and 
-90° the coefficient a(7) is the largest. 

55 The dependence of the coefficients on the pa- 
rameters HF and PHI can be approximated by the 
following formulae: 
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a(n) o A1(n) + A2(n)*HF + A3(n)*PHI + A4(n)- 
*HF*PHI, (EQ.1) 

for PHI having a value lying in a first value range 
between approximately - 45° and 45° , 

a(n) = B1(n) + B2(n)*HF + B3(n)*PHI + B4(n>- 
•HPPHI, (EQ.2) 

for PHI having a value lying in a second value 
range between approximately 45° and 90° , and 

a(n) = Cl(n) + C2(n)*HF + C3(n)THI + C4(n>- 
*HF*PHI, (EQ.3) 

for PHI having a value lying in a third value range 
between -80* and approximately - 45°. 

An example of the three sets of constants A1- 
(n) to A4(n). B1(n) Id B4<n) and C1(n) to C4(n) is 
given in the table of figure 1 1 . 

In response to the second control signal PHI 
having a value lying in one of the three value 
ranges, one of the three sets of constants stored in 
the memory 48 is selected and supplied to the 
calculation means 46 via the connection 50. The 
calculation means 46 calculates the multiplication 
factors a(0) to a(N-1) using the corresponding one 
of the formulae given above. The multiplication 
factors thus obtained are supplied to the multipliers 
38.0 to 38.N-1, so that the required equalizer filter 
characteristic can be obtained. 

It should be noted that in some applications, 
the parameter PHI only varies within the value 
range between -45° and 90°. In that situation there 
is no need to provide for a memory for storing the 
constants C1(n). C2(n), C3<n) and C4(n). In that 
situation, the multiplication factors are obtained us- 
ing the equations (EQ.1) and (EQ.2) only. 

In some situations, the parameter PHI will vary 
within the range of - 45° and +45° only. In that 
situation, only the formula (EQ.1) suffices to cal- 
culate the filter parameters. 

As said previously, not all the constants in the 
figure 11 need to be stored. In the range for PHI 
lying between -45° and 45°, only the constants for 
n = 0 to n =5 need to be stored, as the multiplica- 
tion factors a(6) to a(10) can be derived from the 
constants A1(0) to A1(5), A2(0) to A2(5), A3(0) to 
A3(5) and A4{0) to A4(5). This is visible in figure 11 
as the table of constants for this range is symmetri- 
cal along the horizontal coefficient line for n = 5. If 
an equalization in the range for PHI lying between 
45° and 90° is aimed at all B-constants are needed 
to calculate the multiplication factors. But for an 
additional equalization in the range for PHI between 
-45° and -90°, no further constants, such as the C- 
constants are needed, as the multiplication factors 
a(n) for PHI lying in this range can be obtained 



using the B-constants. This is again visible in figure 
11, as the tables with the B-constants and the C- 
constants are symmetrical to each other, that is: Bi- 
Q) = Ci(N-1-j), where i runs from 1 to 4 and j runs 

5 from 0 to N-1. 

Figure 12 shows a second embodiment of the 
equalizer filter means 10. The FIR filter 32* com- 
prises delay line means 33' having a first delay line 
section 33.1 having N1 taps 68.0 to 68.N1-1 and a 

10 second delay line section 33.2 having N-N1 taps 

69.0 to 69.M-1. where M = N-N1. Multiplier means 
36' are present comprising N1 multipliers 70.0 to 
70.N1-1, having a first input coupled to a cor- 
responding one of the N1 taps of the delay line 

75 section 33.1 . The multiplier means 36* further com- 
prising M multipliers 71 .0 to 71 .M-1 , and having a 
first input coupled to a corresponding one of the N- 
N1 taps of the second delay line section 33.2. The 
FIR filter 32* further comprises signal combination 

20 means 40* having a first signal combination unit 

72.1 in the form of an adder, and a second signal 
combination unit 72-2 in the form of an adder. The 
outputs of the multipliers 70.0 to 70. N 1-1 are coup- 
led to corresponding inputs of the signal combina- 

25 tion unit 72.1 , an output of which is coupled to an 
input of the second delay line section 33.2. The 
outputs of the multipliers 71.0 to 71 .M-1 are coup- 
led to corresponding inputs of the signal combina- 
tion unit 72.2, an output of which is coupled to the 

30 output 42 of the equalizer means 10. The input 30 
of the equalizer means 10 is coupled to an input of 
the first delay line section 33.1 

The taps 68.0 to 68.N1 -1 are located 
equidistant! y in time along the delay line section 

35 33.1. The taps 69.0 to 69. M-1 are in the same way 
located equidistantly in time along the delay line 
section 33.2. The time delays between two subse- 
quent taps in both delay line sections need not 
necessarily be the same. Further, the time delays 

40 between the inputs of the delay line sections and 
the first tap in each section can be zero. 

The multipliers 70.0 to 70. N 1-1 receive via a 
second input multiplication factors a(0) to a(Nl-l) 
respectively. 

45 Multiplication factor generator means are 

present comprising first multiplication factor cal- 
culating means 80.1 and second multiplication fac- 
tor calculating means 80.2. The multiplication factor 
calculating means 80.1 calculate the N1 multiplica- 

50 tion factors a(0) to a(N1-1) for the first delay line 
section 33.1 in accordance with the following for- 
mula: 

a(n) = A1(n) + A2(n)*HF, (EQ,4) 

55 

where n runs from 0 to N1-1 inclusive. 

The multiplication factor calculating means 80.2 
calculate the M(=N-N1) multiplication factors b(0) 
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to b(M-1) for the second delay line section 33.2 in 
accordance with the following formulae; 

b<n) = A3(n) + A4(n)*PHI, (EQ.5) 

s 

for PHI having a value lying in a first value range, 

b<n) = B3(n) + B4(n)*PHI i (EQ.6) 

for PHI having a value lying in a second value 10 
range not overlapping the first value range, and 

b<n) = C3(n) + C4<n)TPHI, (EQ.7) 

for PHI having a value lying in a third value range is 
not overlapping the first and the second value 
range. 

HF is again the value of the first control signal, PHI 
is again the value of the second control signal, A1- 
(n), A2(n), A3(n), A4(n), B3(n), B4(n), C3(n) and C4- 20 
(n) are constants for each multiplication factor b(n). 
A first memory unit 81.1 is available for storing at 
least a number of the constants A1(n) and A2(n). 
The constants A1(n) and A2(n) are supplied to the 
calculating means 80.1 via the coupling 83.1. A 25 
second memory unit 81.2 is available for storing at 
least a number of the constants A3(n), A4(n), B3(n), 
B4(n), C3(n) and C4(n). 

The parameter HF is applied via the control 
input 15 to the calculating means 80.1, and the 30 
parameter PHI is applied to the calculating means 
80.2 as well as to the memory 81 .2 via the control 
signal input 16. The control signal input 16 is 
coupled to the memory 81.2 so as to indicate 
which one of the three sets of constants should be as 
used for the calculation of the multiplication factors 
b(n). The set of constants selected is applied to the 
calculating means 80.2 via the coupling 83.2. 

The derivation of the multiplication factors a(0) 
to a(N1-1) for the delay line section 33.1 and the 40 
multiplication factors b(0) to b(M-1) for the delay 
line section 33.2 can be done in the same way as 
described above for the embodiment of figure 6. 

The derivation of the multiplication factors as 
described above for the embodiment of figure 6 is 46 
carried out a first time so as to obtain the N1 
multiplication factors a(Q) to a(N1-1) of the delay 
line section 33.1. As a boundary condition PHI is 
taken equal to zero, or equal to PHI QI in the case 
that PHic (which relates to <*o =0) is not equal to so 
zero. The dependency of a(n) of HF as the only 
varying parameter can now be determined and 
lead to the formula EQ.4 with the parameters A1(n) 
and A2(n). 

The derivation of the multiplication factors as 55 
described above for the embodiment of figure 6 is 
carried out a second time so as to obtain the M 
multiplication factors b(0) to b(M-1) for the second 



delay line section 33.2. The difference with the 
derivation described with reference to figure 6 is 
that the shaping filter should be left out in the 
derivation. H not, the embodiment of figure 12 
would include twice the shaping filter which is not 
correct. Further, as a boundary condition, HF is 
taken equal to zero, assuming that HF equal to 
zero corresponds to a being equal to zero. If not, 
HF is taken equal to a certain value HF & where HF 
equal to HF„ corresponds to a being equal to zero. 
The dependency of b(n) of PHI as the only varying 
parameter can now be determined and lead to the 
formulae EQ.5. EQ.6 and EQ.7. The constants for 
the formulae EQ.4 to EQ.7 can be found in figure 
13. 

Comparison of the tables in figure 11 and 13 
reveal that the constants A1 (n) and A2(n) in the 
figure 11 equal the constants A1(n) and A2(n) in 
figure 13, which was to be expected. The constants 
A3(n), A4<n), B3(n), B4(n), C3(n) and C4<n) in figure 
13 are not equal to any of the other constants in 
figure 11, for the reason that the shaping filter has 
been left out in the derivation of the multiplication 
factors for the filter section 33.2. 

In the same way as mentioned above, it should 
be noted that in some applications, the parameter 
PHI only varies within the value range between - 
45° and 90°. In that situation there is no need to 
provide for a memory for storing the constants C3- 
(n) and C4(n). In that situation, the multiplication 
factors b(1) to b(M) are obtained using the equa- 
tions (EQ.5) and (EQ.6) only. It is even possible 
that PHI varies between -45° and 45° only. In that 
situation (EQ.5) suffices for the calculation of the 
filter coefficients. 

It should be noted that in order to realize an 
equalization with a certain quality using the em- 
bodiment of figure 6, a FIR filter 32 with a certain 
length, and thus a certain number N of taps, is 
required. Using the embodiment of figure 12. in 
order to realize an equalization with the same qual- 
ity as with the embodiment of figure 6 might re- 
quire a total number of taps N1 + M, which is 
larger than the number of taps N of the first em- 
bodiment 

Claims 

1. An arrangement for reproducing a digital signal 
from a track on a record carrier, the arrange- 
ment comprising 

- read means including a read head, for 
reading a signal from the track, 

- variable equalizer means, having an input 
coupled to an output of the read means, 
first and second control signal inputs for 
receiving a first and a second control 
signal respectively and an output for sup- 
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plying an equalized output signal in re- 
sponse to the first and the second con- 
trol signal, the variable equalizer means 
being adapted to equalize the transmis- 
sion characteristic of the transmission s 
path including the recording channel up 
to the input of the . variable equalizer 
means in response to the first and the 
second control signal, the first control 
signal having a relation with the high 10 
frequency losses in the magnitude trans- 
mission characteristic of the transmission 
path and the second control signal hav- 
ing a relation with the difference in delay 
caused by the transmission in said trans- is 
mission path between the low frequency 
signals and high frequency signals in the 
operating frequency range of the trans- 
mission path, the variable equalizer 
means comprising digital filter means, 20 

- equalizer control signal generator means 
having a first and a second output for 
supplying the first and second control 
signal respectively, which first and sec- 
ond outputs are coupled to the first and 25 
second control signal input respectively 

of the equalizer means, 

- an output terminal coupled to the output 
of the variable equalizer means for sup- 
plying the digital signal, 30 

characterized in that, the variable equalizer 
means comprise finite impulse response filter 
means, the FIR filter means comprising 

- delay line means having a number of N 

taps, 35 

- multiplier means for multiplying a signal 
present at the n-th tap of the delay line 
means by a multiplication factor a(n) and 
for supplying the multiplied signal to 

- signal combining means, an output of the 40 
signal combining means being coupled 

to the output of the variable equalizer 
means, 

the variable equalizer means further compris- 
ing multi plication factor generator means for 45 
generating the multiplication factors a(n) in re- 
sponse to the first and second control signal. 

2. An arrangement as claimed in claim 1, char- 
acterized in that the multiplication factor gener- 50 
ator means comprising multiplication factor cal- 
culating means, the said multiplication factor 
calculating means being adapted to calculate 
at least a number of the N multiplication fac- 
tors a(n) in accordance with the following for- ss 
mula: 

a(n) = A1(n) + A2(n)'HF + A3(n)"PHI + A4- 
(n)'HPPHI, for PHI having a value lying in a 



first value range, 

where HF is the value of the first control signal, 
PHI is the value of the second control signal, 
A1(n), A2(n), A3(n) and A4(n) being constants 
for each multiplication factor a(n), memory 
means being available for storing at least a 
number of said constants, and where n lies in 
a range from 0 to N-1 inclusive. 

3. An arrangement as claimed in claim 2, char- 
acterized in that the said multiplication factor 
calculating means being further adapted to cal- 
culate the remaining multiplication factors a(n) 
using the following formula: 

a(n) = A1(N-1-n) + A2(N-1-n)*HF + A3(N-1- 
n)"{2PHI c -PHI) + A4{N-1-n)-HP{2-PHI c -PHI} f 

where PHI C is the value for PHI corresponding 
to a difference in delay in the variable equal- 
izer means which equals zero. 

4- An arrangement as claimed in claim 2 or 3, 
characterized in that the multiplication factor 
calculating means being further adapted to cal- 
culate the multiplication factors a(n) in accor- 
dance with the following formula: 
a(n) = B1(n) + B2<n)HF + B3(n)*PHI + B4- 
(n)*HPPHI, for PHI having a value lying in a 
second value range not overlapping the first 
value range, where B1 (n), B2(n), B3(n) and B4- 
(n) are constants for each multiplication factor 
a(n), the memory means being further adapted 
to store at least a number of said constants 
B1(n) to B4(n). 

5. An arrangement as claimed in claim 4, char- 
acterized in that the multiplication factor cal- 
culating means being further adapted to cal- 
culate the multiplication factors a(n) in accor- 
dance with the following formula: 

a(n) = C1(n) + C2(n)*HF + C3(n)*PHI + C4- 
(n)"HPPHI, for PHI having a value lying in a 
third value range not overlapping the first and 
the second value range, where C1(n), C2(n), 
C3(n) and C4(n) are constants for each mul- 
tiplication factor a(n), the memory means being 
further adapted to store at least a number of 
said constants C1 (n) to C4(n). 

6. An arrangement as claimed in claim 1, char- 
acterized in that the delay line means com- 
prise a first delay line section having a number 
of N1 taps and a second delay line section 
having N-N1 taps, the signal combining means 
comprising a first and a second signal com- 
bination section, the multiplier means being 
adapted to supply the output signals present at 
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the N1 taps of the first delay line section after 
multiplication to the first signal combination 
section, and being adapted to supply the out- 
put signals present at the N-N1 taps of the 
second delay line section after multiplication to s 
the second signal combination section, the sig- 
nal combining means being further adapted to 
supply the multiplied output signals of the first 
delay line section after combining to the sec- 
ond delay line section and to supply the multi- 10 
plied output signals of the second delay line 
section to the output of the variable equalizer 
means, the multiplication factor generator 
means comprising multiplication factor calcu- 
lating means, the said multiplication factor caJ- ?s 
culating means being adapted to calculate at 
least a number oi the N1 multiplication factors 
a(n) for the N1 output signals of the first delay 
line section in accordance with the following 
formula: 20 
a(n) = A1(n) + A2(n)*HF, where n lies in a 
range from 0 to N1-1 inclusive, the multiplica- 
tion factor calculating means being adapted to 
calculate at least a number of the N-N1 mul- 
tiplication factors a(n) for the N-N1 output sig- 25 
nals of the second delay line section in accor- 
dance with the following formula: 
a(n) = A3(n) + A4(n)*PHI, for PHI having a 
value lying in a first value range, where n runs 
from 0 to N-N1-1 inclusive, so 
where HF is the value of the first control signal, 
PHI is the value of the second control signal, 
A1(n), A2(n), A3(n), A4(n), being constants for 
each multiplication factor a(n). memory means 
being available for storing at least a number of 35 
said constants. 



8b An arrangement as claimed in claim 6 or 7, 
characterized in that the multiplication factor 
calculating means being further adapted to cal- 
culate the multiplication factors a(n) for the N- 
N1 output signals of the second delay line 
section in accordance with the following for- 
mula: 

a(n) = B3(n) + B4(n)*PHI, for PHI having a 
value lying in a second value range not over- 
lapping the first value range, B3(n) and B4(n) 
being constants for each multiplication factor 
a(n), the memory means being further adapted 
to store at least a number of said constants 
B3(n), B4(n). 

9- An arrangement as claimed in claim 8, char- 
acterized in that the multiplication factor cal- 
culating means being further adapted to cal- 
culate the multiplication factors a(n) for the N- 
N1 output signals of the second delay line 
section in accordance with the following for- 
mula: 

a(n) = C3(n) + C4(n)*PHI, for PHI having a 
value lying in a third value range not overlap- 
ping the first and the second value range, 
where C3(n) and C4(n) are constants for each 
multiplication factor a{n) t the memory means 
being further adapted to store at least a num- 
ber of said constants C3(n), C4(n). 



Arrangement as claimed in claim 8, character- 
ized in that the said multiplication factor cal- 
culating means being further adapted to caJ- 40 
culate the remaining multiplication factors of 
the N1 multiplication factors for the first delay 
line section using the following formula: 



a(n) = A1(N1-1-n) + A2(N1-1-n)'HF 45 

and to calculate the remaining multiplication 
factors of the N-N1 multiplication factors for 
the second delay line section using the follow- 
ing formula: so 

a(n) = A3(N-N1-1-n) + A4(N-N1-1-n)- 
*{2PHI C PHI}, 

where PHI G is the value for PHI corresponding ss 
to the difference in delay in the variable equal- 
izer means which equals zero. 
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Al( 0)= 
Al( 1)= 
Al( 2)« 
Al( 3>« 
Al( 4)- 
Al( 5)= 
Al( 6) = 
Al( 7)- 
Al( 8)= 
Al( 9)« 
Al(10)- 



119.0000 
124-0000 
164.0000 
137.0000 
134.0000 
255.0000 
134.0000 
137.0000 
164.0000 
124.0000 
119.0000 



A2( 0)= 
A2( 1)« 
A2( 2)= 
A2( 3)= 
A2( 4)- 
A2( 5)- 
A2( 6) = 
A2< 7>- 
A2( 8)= 
A2( 9) = 
A2(10)- 



10.4805 
3.3047 
-69.6953 
-64.1680 
37.4375 
0.0000 
37.4375 
-64.1680 
-69.6953 
3.3047 
10.4805 



FIG. 13a 
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